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As noted i n  t h e  Annual Report, my l a b o r a t o r y  has been i n t e r e s t e d  i n  

d e f i n i n g  a genet ic  program induced i n  c u l t u r e d  murine 3T3 c e l l s  by serum 
growth f a c t o r s .  Our o v e r a l l  o b j e c t i v e  i s  t o  c o n t r i b u t e  t o  understanding 
how po lypep t ide  growth f a c t o r s  s t i m u l a t e  c e l l  p r o l i f e r a t i o n ,  a ques t ion  
w i t h  general  re levance t o  c e l l u l a r  responses t o  e x t r a c e l l u l a r  s i g n a l l i n g  
agents du r ing  development and i n  t h e  a d u l t  animal.  To d e f i n e  growth 
factor - induced genes, some years ago we i s o l a t e d  from BALB/c 3T3 c e l l s  
cDNAs der ived  f rom mRNAs t h a t  appeared a t  var ious t imes a f t e r  non- 
growing c e l l s  were s t imu la ted  w i t h  serum. Serum causes e s s e n t i a l l y  a l l  
t h e  c e l l s  t o  e n t e r  t h e  c e l l  c y c l e  and undergo synchronous DNA r e p l i c a t i o n  
a f t e r  1 2  t o  1 5  hours fo l l owed  by m i t o s i s  and c e l l  d i v i s i o n .  Our i n i t i a l  
r e s u l t s  i n d i c a t e d  t h a t  s p e c i f i c  mRNAs appear s e q u e n t i a l l y  a f t e r  serum 
s t i m u l a t i o n .  W i th in  minutes a f t e r  a d d i t i o n  o f  serum, a s p e c i f i c  s e t  o f  
genes i s  t r a n s c r i p t i o n a l l y  ac t i va ted ,  i n c l u d i n g  proto-oncogenes fz and 
rny-g (as d iscovered by o thers ) .  Since these genes a re  a c t i v a t e d  by serum, 
PDGF o r  FGF even i n  t h e  presence o f  an i n h i b i t o r  o f  p r o t e i n  synthes is ,  
they  comprise t h e  pr imary genomic response t o  serum f a c t o r s  and have been 
c a l l e d  "immediate e a r l y "  o r  "competence" o r  " e a r l y  response" genes. 
Other mRNAs appear l a t e r  and t h e i r  appearance i s  blocked by p r o t e i n  
synthes is  i n h i b i t o r s .  We c a l l  RNAs o f  t h i s  t ype  t h a t  appear p r i o r  t o  DNA 
synthes is  ' 'delayed e a r l y "  mRNAs. Our research over  t h e  pas t  t h r e e  years 
concerns t h e  c h a r a c t e r i z a t i o n  o f  immediate e a r l y  genes and t h e i r  encoded 
p r o t e i n s  and i n i t i a l  c h a r a c t e r i z a t i o n  o f  cDNAs corresponding t o  delayed 
e a r l y  genes. 
- Immediate e a r l y  genes and p r o t e i n s  

Les te r  Lau, a pos t -doc tora l  f e l l o w ,  i s o l a t e d  a s e t  o f  cDNAs f rom 
mRNAs t h a t  a re  superinduced when conf luent ,  non-growing 3T3 c e l l s  
mainta ined i n  0.5% serum-containing medium are  exposed t o  h igh  
concent ra t ions  o f  serum o r  PDGF i n  t h e  presence o f  cycloheximide (1 ,2 ) .  
A l l  t h e  corresponding genes a re  t r a n s i e n t l y  a c t i v a t e d  as determined by 
nuc lea r  run-on assays, and i n  most cases t h e i r  mRNAs a re  l a b i l e  
( h a l f - l i f e  o f  15 t o  20 minutues) ( 2 ) .  O f  t h e  t e n  cDNAs analysed ( t h e  
sequences o f  h a l f  o f  these were completed i n  D r .  Lau 's  l a b o r a t o r y  a t  
Northwestern U n i v e r s i t y ) ,  s i x  encoded p r o t e i n s  whose sequences prov ided 
c lues  t o  f u n c t i o n :  t h r e e  a re  r e l a t e d  t o  known t r a n s c r i p t i o n  f a c t o r s ,  
another  has a c y s t e i n e / h i s t i d i n e  repeat  suggest ive o f  a novel  z inc  f i n g e r  
s t ruc tu re ,  one i s  a transmembrane p r o t e i n  r e l a t e d  t o  human t i s s u e  f a c t o r ,  
and t h e  s i x t h  has a hydrophobic N-terminal  sequence suggest ive o f  a 
secreted p r o t e i n .  
- T c a n s c r i p t i  on f a c t o r s  

Jun f a m i l y .  The f i r s t  o f  our  cDNA clones sequenced encoded a 
p r o t e j n  w i t h  a c l u s t e r  o f  p o s i t i v e l y  charged amino a c i d  res idues s i m i l a r  
t o  t h a t  found i n  Fos. We soon no t i ced  t h a t  t he  p r o t e i n  was c l o s e l y  
r e l a t e d  t o  t h e  sequence o f  v-Jun ( j u s t  then repor ted  by Peter  Vogt and 
h i s  co l leagues) ,  l a t e r  shown t o  be r e l a t e d  t o  t h e  t r a n s c r i p t i o n  f a c t o r  
AP-1. Our i s o l a t e ,  which we c a l l  jun-B, was d . i f f e ren t  f rom t h e  
proto-oncogene c - jun  based on a comparison o f  mouse, human, and ch icken 
genomic Southern b l o t s  us ing  v- jun o r  j y n m  probes ( 3 ) .  jun-B cDNA was 
used as a probe t o  i s o l a t e  two r e l a t e d  cDNAs f rom t h e  immediate e a r l y  
l i b r a r y .  One o f  these was t h e  murine c - jun  and t h e  o t h e r  a new member o f  
t h e  j u n  fam i l y ,  c a l l e d  jun-D. The th ree  murine Jun p r o t e i n s  a re  c l o s e l y  
r e l a t e d  t o  one another,  p a r t i c u l a r l y  i n  t h e i r  C-terminal  DNA-binding 
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domains, i .e . ,  t h e  l euc ine  repeat  and t h e  ad jacent  bas ic  reg ion,  and i n  
a c i d i c  reg ions  nearer  t h e  N-terminus, whereas o t h e r  reg ions o f  t h e  
p r o t e i n s  a re  d ivergent .  L i k e  jun-B, c- jun i s  a l s o  a t y p i c a l  immediate 
e a r l y  gene i n  i t s  response t o  serum o r  PDGF, whereas jun-D i s  expressed 
i n  r e s t i n g  c e l l s  and shows o n l y  a s l i g h t  increase i n  expression a f t e r  
a d d i t i o n  o f  serum ( 4 , 5 ) .  I n  3T3 c e l l s  we found t h a t  jun-B mRNA increased 
markedly i n  response t o  f o r s k o l i n  and phorbol  es te rs ,  ca lc ium ionophore, 
and h igh  Kf concentrat ion,  and i n  macrophages, t o  i n t e r f e r o n s  a, 13, 
o r  y,  whereas c- jun and jun-D mRNAs showed l i t t l e  change under these 
cond i t i ons .  I n  mouse t i s s u e s  and c e l l  l i n e s  t h e  t h r e e  juri genes a re  
w ide ly  expressed, b u t  t h e  r a t i o s  o f  t h e i r  mRNAs vary g r e a t l y .  These 
var ious  d i f f e r e n c e s  i n  express ion a re  r e f l e c t e d  i n  t h e  marked d i f f e r e n c e s  
we found i n  t h e  nuc leo t i de  sequences upstream o f  each gene. We do n o t  
y e t  know what upstream sequences a re  impor tan t  f o r  t h e  growth f a c t o r  
response o f  jun-B and c- jun.  

Our experiments on t h e  DNA-binding p r o p e r t i e s  o f  t h e  Jun p r o t e i n s  
a lone o r  as Fos o r  Fra-1 heterodimers (6 )  a re  summarized i n  t h e  
accompanying 1988-'89 Annual Report, as a re  those comparing t h e  
s p e c i f i c i t y  f o r  t h e  DNA-binding s i t e s  o f  Jun/Fos ch imer ic  p r o t e i n s  w i t h  
e i t h e r  Jun o r  Fos bas ic  reg ions ( 7 ) .  (These experiments were c a r r i e d  o u t  
by Yusaku Nakabeppu.) 

Recent ly  we have prepared c-Jun and Fra-1 i n  E. c o l i .  These 
p r o t e i n s  show l i t t l e  b ind ing  t o  an AP-1 s i t e  unless they  a re  f i r s t  
incubated w i t h  an S-100 mammalian c e l l  e x t r a c t .  (We a re  t r a c k i n g  down 
t h e  bas is  o f  t h i s  e f f e c t . )  O f  i n t e r e s t  i s  t h e  f a c t  t h a t  both " a c t i v a t e d "  
c-Jun a lone and " a c t i v a t e d "  Fra-1 a lone b ind  t o  an AP-1 s i t e .  I n  
p r e l i m i n a r y  experiments t h e  a c t i v a t e d  p r o t e i n s  s t imu la ted  in v i t r o  
t r a n s c r i p t i o n  o f  DNA w i t h  an AP-1  responsive promoter, Jun + Fra-1 being 
more a c t i v e  than t h e  sum o f  each alone. 
- Zinc f i n g e r  p r o t e i n s .  Barbara C h r i s t y  found t h a t  one o f  t h e  immediate 
e a r l y  DNA c lones ( z i f / 268 )  encodes a 431 amino a c i d  p r o t e i n  w i t h  th ree  
z inc  f i n g e r s  o f  t h e  T F I I I A  t ype  (8 ) .  (The same o r  homologous cDNA has 
been i s o l a t e d  i n  th ree  o t h e r  l a b o r a t o r i e s . )  Z i f 268  i s  l o c a l i z e d  t o  t h e  
nucleus and has a s h o r t  h a l f - l i f e .  I t s  mRNA i s  most abundant i n  b ra in ,  
lung, and hear t .  The promoter reg ion  o f  t h e  gene has a number o f  
p o t e n t i a l  b ind ing  s i t e s  f o r  known t r a n s c r i p t i o n  f a c t o r s  i n c l u d i n g  f o u r  
p o t e n t i a l  serum response elements (SREs) s i m i l a r  t o  t h a t  descr ibed i n  t h e  
- f o i  promoter reg ion  and shown t o  con fe r  serum responsiveness t o  o t h e r  
genes. C h r i s t y  showed t h a t  a l l  f o u r  z i f 2 6 8  SRE-like sequences b i n d  serum 
response f a c t o r  ( t h e  p r o t e i n  t h a t  b inds t o  t h e  fos SRE) and con fe r  serum 
responsiveness ( 9 ) .  These r e s u l t s  suggest t h a t  t h e  SREs may be 
respons ib le  f o r  co- induc t ion  o f  fos and z i f268.  Recent ly,  us ing  Z i f268  
prepared i n  5. coli, we i d e n t i f i e d  a s t rong DNA-binding s i t e  f o r  Z i f268,  

namely t h e  sequence GCG GGGCG ( 9 ) .  

o f  t h e  immediate e a r l y  genes z i f268,  nup475, mur77, and jun-B, suggest ing 
t h a t  Z i f268  may regu la te  these genes. I n  p r e l i m i n a r y  experiments C h r i s t y  
has found i n  t r a n s f e c t i o n  assays t h a t  t r a n s c r i p t i o n  f rom t h e  z i f 2 6 8  
promoter i s  down-regulated by co - t rans fec t i on  w i t h  a plasmid t h a t  
expresses Z i f268.  

Nur77 i s  another  immediate e a r l y  z inc  f i n g e r  p r o t e i n  i d e n t i f i e d  v i a  
t h e  sequence o f  i t s  cDNA. ( S i m i l a r  cDNAs have been i s o l a t e d  i n  two o t h e r  
l a b o r a t o r i e s  .) Nur77 i s  a new member o f  t h e  g l u c o c o r t i c o i d - t h y r o i d  
hormone recep to r  super fami ly .  I t s  1 igand i s  unknown. The Nur77 p r o t e i n  
and gene a re  being s tud ied  i n  Les te r  Lau's l abo ra to ry .  

G 

T 
One o r  more Z i f268 s i t e s  a re  upstream 
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A t h i r d  poss ib le  z inc  f i n g e r  p r o t e i n  i s  encoded by cDNA c lone 475, 
whose sequence was determined by Raymond DuBois. By immunofluorescence 
t h e  p red ic ted  p r o t e i n  i s  nuc lea r  (we c a l l  i t  Nup475), and i s  r i c h  i n  
g l yc ine ,  ser ine ,  th reon ine  and p r o l i n e .  It i s  n o t  r e l a t e d  t o  sequences 
i n  t h e  DNA o r  p r o t e i n  data banks. Nup475 has two adjacent  cys te ine /  
h i s t i d i n e - c o n t a i n i n g  sequences o f  t h e  form CX8CX5CX3H, and t h e  
p r o t e i n  produced i n  &. c o l i  b inds z inc .  We speculate t h a t  t h e  
c y s t e i n e / h i s t i d i n e  sequences may form a novel  z inc  f i n g e r  s t r u c t u r e  t h a t  
b inds t o  a s p e c i f i c  DNA sequence, and t h a t  Nup475 i s  another immediate 
e a r l y  t r a n s c r i p t i o n  f a c t o r .  We are  now t r y i n g  t o  determine whether 
Nup475 b inds t o  a s p e c i f i c  DNA sequence. 
-I Transmembrane p r o t e i n .  One o f  t h e  immediate e a r l y  cDNAs (c lone  482) 
encodes a transmembrane p r o t e i n  ( c a l l e d  mTF) analysed by Stephen H a r t z e l l  
and Anthony Lanahan (11) t h a t  i s  t h e  murine homolog o f  human t i s s u e  
f a c t o r ,  a membrane p r o t e i n  i nvo l ved  i n  i n i t i a t i n g  b lood c l o t t i n g  a f t e r  
t i s s u e  i n j u r y .  H a r t z e l l  showed t h a t  mTF produced in v i t r o  i s  i n s e r t e d  
i n t o  microsomal ves i c les  and i s  N-glycosylated, probably  a t  each o f  t h e  
f o u r  s i t e s  p red ic ted  f rom t h e  sequence. It i s  a l s o  on the  sur face  o f  
p r o l i f e r a t i n g  3T3 c e l l s .  We d o n ' t  know what r o l e  mTF may p l a y  ( i f  any) 
i n  t h e  growth response. For  t h e  t ime  being we have p u t  mTF as ide.  
- De"1"ayed e a r l y  genes and p r o t e i n s  

Our f i r s t  cDNA i s o l a t e s  inc luded one t h a t  encoded p r o l i f e r i n  (PLF), 
a new member o f  t h e  p ro lac t i n -g rowth  hormone fam i l y .  I n ' o u r  l a s t  work on 
p r o l i f e r i n  Se-Jin Lee found t h a t  t h e  form secreted by c u l t u r e d  c e l l s  
conta ined mannose-6- phosphate and bound t o  t h e  h igh  molecular  weight  
mannose-&phosphate receptor  (12) .  I n  t h e  course o f  those experiments 
Lee d iscovered t h a t  t h e  l e v e l  o f  a c t i v e  mannose-6-phosphate receptor  was 
very  h igh  i n  mouse f e t a l  l i v e r  membranes (and membranes f rom pregnant 
mice) and a b r u p t l y  decreased pos t -na ta l l y .  Lee a l s o  l o c a l i z e d  p r o l i f e r i n  
and i t s  mRNA t o  t h e  same g i a n t  t r o p h o b l a s t i c  c e l l s  o f  t h e  mouse p lacenta  
t h a t  secre te  p lacen ta l  lactogens (13) .  Danie l  L inzer ,  who d iscovered 
p r o l i f e r i n  w h i l e  i n  my labo ra to ry ,  i s  con t i nu ing  t o  s tudy i t  a t  
Northwestern U n i v e r s i t y .  

More r e c e n t l y  Anthony Lanahan has i s o l a t e d  f rom a 3T3 c e l l  cDNA 
l i b r a r y  a number o f  cDNA clones t h a t  a re  de r i ved  f rom delayed e a r l y  
mRNAs. These RNAs appear t h r e e  t o  f i v e  hours a f t e r  serum s t i m u l a t i o n  o f  
non-growing c e l l s  and reach maximal l e v e l s  w e l l  be fore  t h e  onset o f  DNA 
synthes is .  T h e i r  appearance i s  blocked by cycloheximide, and t h e r e f o r e  
may be dependent on immediate e a r l y  t r a n s c r i p t i o n  f a c t o r s .  
- Redated Genomic Response i n  Neurons 

David Saffen, w h i l e  a pos t -doc tora l  f e l l o w  i n  my labo ra to ry ,  
i n i t i a t e d  a s e r i e s  o f  c o l l a b o r a t i v e  experiments t o  determine whether t h e  
immediate e a r l y  genes induced i n  3T3 c e l l s  by serum growth f a c t o r s  were 
a l s o  induced i n  b r a i n  by d e p o l a r i z i n g  s t i m u l i  (14) .  Th is  fo l l owed  a 
r e p o r t  t h a t  fos mRNA i s  induced i n  r a t  b r a i n  a f t e r  a d m i n i s t r a t i o n  o f  a 
convulsant.  Saffen, i n  c o l l a b o r a t i o n  w i t h  A. Cole, P. Worley and J .  
Baraban ( o f  t h e  Neuroscience Department a t  Hopkins) found t h a t  c- jun,  
j u ~ ,  and z i f 2 6 8  i n  a d d i t i o n  t o  fos mRNA increased markedly i n  t h e  
hippocampus and denta te  gyrus o f  r a t s  g iven convulsant.  The t ime  course 
was very s i m i l a r  t o  t h a t  seen f o r  these RNAs i n  serum-st imulated 3T3 
c e l l s .  It thus appears t h a t  some o f  t h e  same t r a n s c r i p t i o n  f a c t o r s  a re  
i nvo l ved  i n  t h e  immediate e a r l y  gene response o f  b r a i n  neurons, i n  3T3 
c e l l s ,  and i n  hepatocytes a f t e r  p a r t i a l  hepatectomy (15) (as w e l l  as 
NGF-stimulated PC12 c e l l s  s tud ied  by o the rs ) .  These observat ions on t h e  

enomic response o f  neurons t o  d e p o l a r i z i n g  s igna ls  a re  be ing fo l l owed  up 
!y Worley and Baraban. 
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- Future Research Plans 
I i n tend  t o  cont inue t o  exDlore i n  c u l t u r e d  c e l l s  severa l  f ace ts  o f  

t h e  growth factor - induced geneti'c program and i t s  r o l e  i n  r e g u l a t i n g  c e l l  
p r o l i f e r a t i o n .  We w i l l  concentrate on t h e  immediate e a r l y  t r a n s c r i p t i o n  
fac to rs  we have i d e n t i f i e d ,  t h e i r  p o t e n t i a l  t a r g e t  genes, and t h e  
p r o t e i n s  encoded by delayed e a r l y  genes i n  t h e  expec ta t ion  t h a t  one o r  
more o f  these p r o t e i n s  may p a r t i c i p a t e  i n  t h e  r e g u l a t i o n  o f  DNA 
synthes is .  I expect some o f  my Associates t o  cont inue t h e i r  p r o j e c t s  
a f t e r  they  leave my labo ra to ry .  
- A c t i v a t i o n  o f  t r a n s c r i p t i o n  f a c t o r  genes. Immediate e a r l y  genes a re  
a c t i v a t e d  du r ing  t h e  f i r s t  few minutes f o l l o w i n g  serum o r  growth f a c t o r  
s t i m u l a t i o n  o f  3T3 c e l l s ,  even i n  t h e  presence o f  an i n h i b i t o r  o f  p r o t e i n  
syn thes is .  The hypothes is  we w i l l  exp lo re  (based l a r g e l y  on s tud ies  o f  
NFKB and gene i n d u c t i o n  by i n t e r f e r o n )  i s  t h a t  p re -ex i s t i ng ,  i n a c t i v e  
t r a n s c r i p t i o n  f a c t o r s ( s )  a re  mod i f i ed  o r  o therwise a c t i v a t e d  immediately 
a f t e r  growth fac to r - recep to r  i n t e r a c t i o n  and t h a t  t h e  a c t i v e  f a c t o r ( s )  
b ind  t o  s p e c i f i c  s i t e ( s )  upstream o f  one o r  more immediate e a r l y  genes, 
thereby a c t i v a t i n g  t r a n s c r i p t i o n .  We w i  11 concentrate on l u n  -6 and 
- -  nup475. The f i r s t  se r ies  o f  experiments w i l l  be aimed a t  i d e n t i f y i n g  i n  
t r a n s f e c t e d  plasmids cis elements needed f o r  a c t i v a t i o n .  Our i n i t i a l  
experiments suggest t h a t  t h e r e  may be negat ive  elements i nvo l ved  i n  
repress ion  o f  jun-B and cup475 i n  quiescent  c e l l s ,  i .e . ,  t h e  jun-B o r  
- nup475 promoters l i n k e d  t o  CAT a r e  n e a r l y  as a c t i v e  i n  serum-deprived 3T3 
c e l l s  as i n  s t imu la ted  c e l l s  ( i n  c o n t r a s t  t o  z i f 2 6 8  and fos- cons t ruc ts ) .  
We w i l l  t r y  t o  l o c a l i z e  these elements as w e l l  as PDGF-responsive, 
p o s i t i v e  r e g u l a t o r y  elements us ing  t h e  respec t i ve  genes toge the r  w i t h  5 '  
and 3 '  f l a n k i n g  sequences. I f  novel  & elements a re  l o c a l i z e d  we w i l l  
i d e n t i f y  e lement-b ind ing p r o t e i n s ,  p u r i f y  them, c lone t h e i r  cDNAs, and 
s tudy t h e i r  r o l e s  i n  r e g u l a t i n g  t h e  genes. As mentioned, I expect some 
of  t h e  work growing o u t  o f  these experiments t o  be cont inued by my 
Associates a f t e r  they  leave my labo ra to ry .  
-. Target  genes. Our hypothes is  i s  t h a t  immediate e a r l y  t r a n s c r i p t i o n  
f a c t o r s  down-regulate immediate e a r l y  genes and a c t i v a t e  delayed e a r l y  
genes t h a t  make up t h e  growth factor - induced genet ic  program. We are  now 
e x p l o r i n g  t h e  p o s s i b i l i t y  t h a t  Z i f268 down-regulates i t s  own gene and 
some o f  t h e  o t h e r  immediate e a r l y  genes con ta in ing  Z i f268 b ind ing  s i t e s  
i n  t h e i r  promoters. As mentioned, we have i n d i c a t i o n s  o f  negat ive  
au to regu la t i on  by Z i f268 i n  t r a n s f e c t i o n  experiments, b u t  we d o n ' t  y e t  
know i f  t h i s  i s  a d i r e c t  e f f e c t .  The s imp les t  p o s s i b i l i t y  i s  t h a t  
b ind ing  o f  Z i f268  t o  i t s  s i t e s  upstream o f  t h e  z i f 2 6 8  gene i s  an 
e s s e n t i a l  s tep.  Experiments t o  t e s t  t h e  e f f e c t  o f  changes i n  b ind ing  
s i t e s  and t h e  Z i f268  p r o t e i n  sequence w i l l  be c a r r i e d  ou t  t o  c l a r i f y  t h i s  
and t o  determine what p a r t s  o f  t h e  p r o t e i n  a re  impor tan t .  We a l s o  p lan  
t o  do p a r a l l e l  in v i t r o  t r a n s c r i p t i o n  experiments w i t h  p u r i f i e d  Z i f268  
produced i n  E. c o l i .  

To look f o r  delayed e a r l y  gene t a r g e t s  o f  t h e  t r a n s c r i p t i o n  f a c t o r s  
we w i l l  use t h e  cDNAs r e c e n t l y  i s o l a t e d  i n  my l a b o r a t o r y  by Lanahan. I n  
one se r ies  o f  experiments we p l a n  t o  use c e l l  l i n e s  expressing Jun-6, 
Fos, o r  Z i f268  fused t o  t h e  estrogen-binding domain o f  t h e  estrogen 
receptor ;  analogous f u s i o n  p r o t e i n s  have been shown by o thers  t o  be 
i n a c t i v e  u n t i l  a c t i v a t e d  by estrogen. I f  t h e  DNA-binding a c t i v i t i e s  o f  
t h e  f u s i o n  p r o t e i n s  can be a c t i v a t e d  by estrogen, we w i l l  l ook  f o r  t h e  
i n d u c t i o n  o f  t r a n s c r i p t i o n  o f  delayed e a r l y  genes. I n  a more d i r e c t  
approach we w i l l  analyse t h e  promoter reg ions o f  t h e  delayed e a r l y  genes 
and look  f o r  AP-1, 2 i f 2 6 8  (and perhaps Nup475) b ind ing  s i t e s .  The 
r e g u l a t i o n  w i l l  be analysed i n  d e t a i l  by app rop r ia te  t r a n s f e c t i o n  and 
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mutagenesis s tud ies .  
- A c t i v i t i e s  o f  t r a n s c r i p t i o n  f a c t o r s .  Our main focus w i l l  be t o  compare 
t h e  j r r  v i t r o  t r a n s c r i p t i o n a l  a c t i v i t i e s  o f  Jun p r o t e i n s  and var ious  
Jun/Jun and Jun/Fos heterodimers t o  de ter im ine  i f  the re  are  e f f e c t s  
s p e c i f i c  t o  a g iven dimer. As  mentioned, we have prepared c-Jun and 
Fra-1 i n  5. c o l i .  So f a r  we have been unable t o  prepare f u l l  l e n g t h  
Jun-B, Jun-D, Fos, and FosB i n  E. c o l i .  Therefore we have tu rned t o  cos 
c e l l s  t r a n s f e c t e d  w i t h  a m p l i f i e d  plasmids t h a t  express each o f  t h e  
members o f  t h e  Jun and Fos f a m i l i e s .  Our p lan  i s  t o  p u r i f y  each o f  these 
p r o t e i n s  us ing  as a f i n a l  s tep  s p e c i f i c  an t ibody  columns ( f o u r  o f  t h e  
a n t i s e r a  a re  i n  hand) and t o  t e s t  t h e  var ious  dimer combinations f o r  
t r a n s c r i p t i o n a l  a c t i v i t y  on promoters w i t h  b ind ing  s i t e s ,  i n c l u d i n g  (we 
a n t i c i p a t e )  those from delayed e a r l y  genes. Once t h e  i r  v i t r o  
experiments a re  progress ing,  we expect t o  l o c a l i z e  p r o t e i n  domains 
e s s e n t i a l  f o r  t h e  t r a n s c r i p t i o n a l  e f f e c t s .  L a t e r  we w i l l  t r y  t o  i d e n t i f y  
t r a n s c r i p t i o n  components t h a t  i n t e r a c t  w i t h  Jun/Fos dimers. (As 
i n d i c a t e d  e a r l i e r ,  my former pos t -doc tora l  f e l l o w  Kevin Ryder i s  
con t i nu ing  r e l a t e d  experiments on Jun/Fos t r a n s c r i p t i o n a l  a c t i v i t i e s  i n  
t r a n s f e c t e d  c e l l s . )  

Our experiments w i t h  Jun/Fos ch imer ic  p r o t e i n s  descr ibed e a r l i e r  
have l e d  us t o  search f o r  p o t e n t i a l  Jun/X and Fos/X heterodimers t h a t  may 
b ind  t o  novel ,  assymmetrical DNA b ind ing  s i t e s ,  i n  accordance w i t h  
w g g e s t i o n  f o r  t r a n s c r i p t i o n  f a c t o r s  w i t h  l euc ine  z ippers.  P u r i f i e d  

I -c-Jun and 1251-Fra-1 ( o r  b ind ing  domains) w i l l  be used t o  screen 
a h g t l l  mouse expression l i b r a r y  f o r  p r o t e i n s  t h a t  b i n d  t h e  i o d i n a t e d  
probe. P o s i t i v e  cDNAs and t h e i r  encoded p r o t e i n s  w i l l  be analysed f o r  
DNA b ind ing  p r o p e r t i e s  as homodimers and heterodimers.  We a re  now 
t e s t i n g  t h e  s e n s i t i v i t y  o f  t h e  screening assay us ing  E. & i n f e c t e d  
w i t h  x recombinants encoding c-Jun o r  Fra-1. 
- Delayed e a r l y  p r o t e i n s .  We a re  j u s t  c o l l e c t i n g  sequence data on our  cDNA 
i s o l a t e s  der ived  f rom delayed e a r l y  mRNAs. I w i l l  be e s p e c i a l l y  
i n t e r e s t e d  i n  those encoding novel  nuc lea r  p ro te ins ,  o r  p ro te in -mod i fy ing  
enzymes as p o t e n t i a l  regu la to rs  o f  DNA r e p l i c a t i o n .  We hope t o  g e t  c lues  
f rom t h e  sequences o f  t h e  p r o t e i n s  and t h e i r  c e l l u l a r  l o c a l i z a t i o n ,  as we 
d i d  w i t h  t h e  immediate e a r l y  p r o t e i n s .  I am a l s o  i n t e r e s t e d  i n  a 
comparison o f  delayed e a r l y  p r o t e i n s  i n  d i f f e r e n t  c e l l  types t h a t  have 
s i m i l a r  immediate e a r l y  t r a n s c r i p t i o n  f a c t o r  responses t o  s i g n a l l i n g  
agents. To t h i s  end we a re  c o l l a b o r a t i n g  w i t h  Paul Worley and Jay 
Barahan i n  t h e  i s o l a t i o n  and ana lys i s  o f  delayed e a r l y  cDNAs f rom r a t  
hippocampus f o l l o w i n g  e l e c t r i c a l  s t i m u l a t i o n .  The na ture  o f  t h e  encoded 
p r o t e i n s  may a l s o  p rov ide  c lues  t o  long te rm neuronal e f f e c t s  o f  
d e p o l a r i z i n g  s t i m u l i .  
- Genes a c t i v a t e d  du r ing  t h e  c e l l  cyc le .  Using RNA prepared f rom 
p r o l i f e r a t i n g  mouse L c e l l s  f r a c t i o n a t e d  by c e n t r i f u g a l  e l u t r i a t i o n ,  we 
have found t h a t  immediate e a r l y  RNA l e v e l s  show l i t t l e  v a r i a t i o n  over  t h e  
c e l l  cyc le .  R u t i  Parvar i  has t h e r e f o r e  begun t o  screen G1-, S - ,  and 
G2-enriched cDNA l i b r a r i e s  f o r  growth phase-speci f ic  mRNAs. We w i l l  a l s o  
determine whether any o f  our  delayed e a r l y  RNAs f l u c t u a t e  du r ing  t h e  c e l l  
cyc le .  Our o b j e c t i v e  i s  t o  i d e n t i f y  genes ( o t h e r  than h i s tone  and 
d i h y d r o f o l a t e  reductase genes) t h a t  a re  a c t i v a t e d  a t  s p e c i f i c  p o i n t s  i n  
t h e  mammalian c e l l  c y c l e  and s tudy t h e i r  encoded p r o t e i n s  i n  r e l a t i o n  t o  
r e g u l a t i o n  o f  t h e  c e l l  cyc le .  
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